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ORIGINAL ARTICLE
Adult neglected developmental dysplasia of the hip
(DDH) with high dislocation is not uncommon
in countries without a screening program for hip
dislocation at birth. Although such patients have
limping gait, they may be asymptomatic initially
but begin to have pain or dysfunction when they
reach their thirties or forties due to degenerative
arthritis or muscle fatigue.1,2 However, in modern
society, the main concern of young, unmarried
patients is leg-length discrepancy (LLD), which
leads to limping gait and impaired body image.
Hip pain is not their chief complaint. They usu-
ally ask for a minimally invasive treatment that
can improve their LLD. Total hip replacement
Reducing Limping by Tibial Lengthening Along
Nails in Adult Unilateral Developmental
Dysplasia of the Hip with High Dislocation
Shier-Chieg Huang,1 Ting-Ming Wang,2 Yang-Chen Chou,1 Jinn Lin1*
Background/Purpose: Treatment of adult neglected developmental dysplasia of the hip (DDH) with high
dislocation is still not established. The main concern of young patients is leg-length discrepancy (LLD), which
leads to limping gait and impaired body image. Such patients usually ask for a minimally invasive treatment
that can improve the LLD.
Methods: Between 1993 and 2003, 17 patients with neglected DDH with high dislocation (mean age,
22.8 years) were treated by tibial lengthening using the Ilizarov external fixator over an intramedullary nail.
The inclusion criteria were unmarried young adults, unilateral lesion, significant limping or unsightly gait
with psychologic discomfort, marked shortening > 4 cm with the block test, and benefit from a shoe-lift.
Exclusion criteria were patients older than 30 years, hip pain as the chief complaint, and compensated low
hip dislocation without significant limping.
Results: All 17 patients had eventual bone consolidation without further operation. The mean external
fixation index was 14.2 day/cm. Bone formation was good in all patients with a mean consolidation index of
57.7 day/cm. At an average follow-up period of 7.8 years, the limping was much improved from a moderate
or severe degree to a mild degree in all patients. No patients had equinus contracture. All patients were 
satisfied with their treatment results. There were two complications: transient loss of big toe extension and
mild wound infection.
Conclusion: Tibial lengthening can improve limping in adult patients with neglected DDH and high 
dislocation with a low morbidity. Lengthening along intramedullary nails can effectively reduce the external
fixation time, improve bone formation, and prevent complications. [J Formos Med Assoc 2008;107(7):540–547]
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(THR) and pelvic support osteotomy (PSO) have
been used to treat LLD,3–5 but major complications
are a possibility and long-term results are still not
well established.
Although a shoe-lift can solve the LLD prob-
lem and improve limping, this device is not prac-
tical for patients with severe shortening. The
hypothesis of the present study was that simple tib-
ial lengthening along an intramedullary rod could
effectively solve the problem of shortening and im-
prove the patient’s walking function and body
image. This procedure might delay the onset of hip
dysfunction and the time for THR, but would not
increase the difficulty of such surgery at a later
time. To our knowledge, this particular procedure
has not previously been reported in the literature.
Methods
Between 1993 and 2003, 17 patients (16 women,
one man) with neglected DDH with high disloca-
tion were treated by tibial lengthening using the
Ilizarov external fixator over an intramedullary nail.
The mean age was 22.8 years (range, 17–29 years)
at the time of operation (Table 1). Inclusion crite-
ria were unmarried young adults, unilateral DDH
with complete high dislocation (Crowe’s group
IV),6 significant limping or unsightly gait with psy-
chologic discomfort, marked shortening > 4 cm
with the block test, and benefit from a shoe-lift
but unwilling to wear a heavy and unpleasant shoe-
lift or to walk on tiptoe. Exclusion criteria were
age > 30 years, hip pain as the chief complaint,
and shortening < 4 cm by the block test.
Preoperatively, clinical examinations included
symptoms such as hip pain, limping gait and asso-
ciated problems, Trendelenberg sign, LLD by block
test (Figure 1A), and range of motion (ROM) of the
ankle. Radiographic examinations included plain
film of the pelvis (Figure 1B), standing triple film
for measurement of the mechanical axis (MA) of
the lower extremity, and plain film of the leg.
Limping gait was classified according to the 
recommendations of the American Academy of
Orthopedic Surgeons/Hip Society: None, no limp;
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Table 1. Preoperative data of the 17 patients with developmental dysplasia of the hip
No. Sex Age (yr)
LLD by block Preoperative Preoperative Associated Mechanical
test (cm) limping ankle ROM problems axis (°)
1 F 19 5.0 Severe 65 – 10
2 F 22 4.5 Severe 60 – 15
3 F 26 5.0 Severe 65 – 10
4 F 26 4.0 Moderate 65 Hip subluxation, 12
contralateral
5 F 21 4.5 Moderate 65 – 8
6 F 19 4.0 Moderate 60 – 10
7 F 28 4.0 Moderate 65 – 6
8 F 17 4.5 Severe 65 – 15
9 F 19 4.5 Severe 65 – 8
10 F 22 4.0 Moderate 60 – 7
11 F 24 4.0 Severe 55 – 10
12 F 25 4.0 Severe 60 – 8
13 F 29 4.0 Moderate 60 – 14
14 F 23 4.5 Severe 40 Ankle equinus 10
15 F 22 4.0 Severe 60 Back pain 8
16 M 24 4.5 Moderate 65 – 10
17 F 24 4.0 Moderate 60 – 8
LLD = leg-length discrepancy; ROM = range of motion.
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Mild, detected by a trained observer; Moderate, de-
tected by the patient; Severe, markedly altered or
slow gait.7 The block test was performed by putting
a set of blocks of various heights under the shorter
leg and examining the position of the pelvis to esti-
mate the amount of inequality. The MA was defin-
ed as the angle between the line from the femoral
head center to the knee joint center and the line
between the knee center and the ankle joint center.
Postoperatively, the primary endpoints were
bone consolidation after lengthening, the length
gained as measured by a scanogram, and improve-
ment of limping. Secondary endpoints included
lengthening efficiency, recovery of ankle motion,
duration of crutch usage, time to full activity, and
complications. The lengthening efficiency was eval-
uated by external fixation time and consolidation
time. External fixation time was defined as the en-
tire duration of external fixation (from application
to removal of the external fixator). The external
fixation index was defined as the entire duration of
external fixation divided by the leg-length gained.
Consolidation time was defined as the entire dura-
tion of consolidation (measured from application
of external fixation to radiographic consolidation
of regenerated bone). The consolidation index was
defined as the entire duration of consolidation
divided by the leg-length gained.
Complications were classified according to the
system proposed by Paley (1990)8 as problems,
obstacles, and sequelae. Satisfaction was defined
as a patient being willing to undergo the procedure
again and to recommend it to others.
Surgical technique and postoperative care
With a tourniquet on the thigh, the nail entry por-
tal was created on the tibial plateau with an awl
through a midline transpatellar tendon approach.
Sequential reaming of the intramedullary canal
with flexible reamers (Zimmer, Warsaw, IN, USA)
started at 8 mm, with incremental increases of
0.5 mm. The medullary canal of the tibia was over-
reamed to be 2 mm larger than the size of the 
selected nail. No venting of the tibial canal was
done during reaming. An intramedullary nail was
inserted until the nail tip was about 3 cm from the
ankle joint line, and two proximal locking screws
were then inserted. Next, a proximal tibial corti-
cotomy was performed at the level immediately
below the proximal locking screws. A two-ring
frame of Ilizarov external fixator was applied
(Figure 2A). The proximal ring had two transfixing
wires, one of which was passed through the fibular
head. This ring had an additional 5-mm half pin
inserted anterior-medially into the tibia. The distal
ring also had two transfixing wires, one of which
was passed through the distal fibula. All wires
and pins were inserted so as not to contact the nail.
In addition, a 5/8 ring, attached to the distal ring,
had two wires for calcaneal fixation to prevent
A B
Figure 1. (A) A 19-year-old female (Case 1) with a leg-length discrepancy of 5cm by block test preoperatively. (B) Radiograph
of pelvis shows developmental dysplasia of the hip and high dislocation.
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equinus deformity of the ankle joints during
lengthening. After a waiting period of 7 days post-
operatively, patients returned to the outpatient
clinic and the lengthening was started with 1 mm/
day, which consisted of four 0.25-mm lengthenings
performed over the course of a day. Then the pa-
tients were regularly followed-up every 2 weeks.
On each visit, the patients were examined physi-
cally to check the condition of the lengthening and
radiologically to monitor the callus distraction.
Partial weight-bearing was encouraged during the
lengthening and recovery period. When the plan-
ned lengthening was achieved, the patient was ad-
mitted again for insertion of distal locking screws
and removal of the external fixator. Then exten-
sive physical therapy was started to restore ankle
motion. After the distracted callus consolidated,
the nail was removed if requested by the patients.
Results
All patients had varying degrees of hip soreness
and a positive Trendelenberg sign. Limping was
severe in nine patients and moderate in eight. The
mean preoperative LLD by the block test was
4.3 cm (range, 4.0–5.0 cm) (Table 2). The mean
preoperative ROM of the ankle was 60.9 degrees
(range, 40–65 degrees). Associated problems in-
cluded back pain in one patient, subluxation of the
contralateral hip in another patient, and equinus
contracture of the ankle in one patient. The average
MA of the knee was valgus 9.9 degrees (range,
6–15 degrees). The patient with associated ankle
contracture was treated by Achilles tendon length-
ening simultaneously (Case 14).
All the patients had eventual bone consolida-
tion without further operation (Figures 2B–D).
Mean external fixation time was 59.9 days (range,
49–70 days). Mean external fixation index was
14.2 day/cm (range, 11.6–17.0 day/cm). Bone for-
mation was good in all the patients with a mean
consolidation time of 260.8 days (range, 181–290
days) and mean consolidation index of 57.7 day/
cm (range, 44.9–67.5 day/cm). The average dura-
tion of crutch use was 5.8 months (range, 5–7
months). Average time to full activity was 9.1
months (range, 8–10 months). Average length
gained was 4.26 cm (range, 4.0–5.0 cm). At an
average follow-up period of 7.8 years (range,
3.0–13.1 years), the limping was much improved
from a moderate or severe degree to a mild degree
in all the patients. Although the patients had un-
even knee levels, this did not interfere with their
activities and was well accepted. All patients had
complete recovery of the ankle joint motion, ex-
cept for four who had a 5-degree loss of motion
(Table 3). No patient had equinus contracture
caused by tibial lengthening. No patients had prox-
imal migration of the femoral head. All patients
were satisfied with their treatment results. They
would be willing to do it again and would rec-
ommend the procedure to others.
We encountered two complications. One pa-
tient had transient loss of big toe extension after
surgery but had complete recovery 3 months later.
A
B C D
Figure 2. (A) A two-ring construct of Ilizarov external fixator
on the leg with an additional 5/8 ring for calcaneal fixation.
(B) Postoperative radiograph shows corticotomy at the upper
metaphysis of the tibia and intramedullary nail with proximal
locking. (C) Radiograph at the end of distraction. (D) Post-
anterior and lateral views of the radiographs with good bone
consolidation at follow-up.
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Table 3. Postoperative data of the 17 patients with developmental dysplasia of the hip
No.
ROM of ankle ROM of ankle Duration of crutch Time to full Postoperative Follow-up 
(at follow-up) (loss) usage (mo) activity (mo) limping time (yr)
1 65 0 6 9 Mild 12.0
2 60 0 6 9 Mild 11.6
3 65 0 5 9 Mild 13.1
4 65 0 5 9 Mild 10.5
5 60 5 5 9 Mild 11.5
6 60 0 5 8 Mild 10.4
7 65 0 5 8 Mild 10.3
8 65 0 5 9 Mild 8.5
9 60 5 7 9 Mild 7.6
10 60 0 5 9 Mild 6.4
11 50 0 5 9 Mild 5.0
12 60 0 6 9 Mild 5.1
13 60 0 6 10 Mild 4.6
14 35 5 7 10 Mild 3.6
15 60 0 7 9 Mild 4.0
16 65 0 7 10 Mild 5.3
17 55 5 6 9 Mild 3.0
ROM = range of motion.
Table 2. Perioperative data of the 17 patients with developmental dysplasia of the hip
Concomitant
Length Complication External External 
Consolidation Consolidation
No.
procedures
gained during fixation fixation 
time (d) index (d/cm)
(cm) distraction time (d) index (d/cm)
1 – 5.0 – 63 12.6 253 50.6
2 – 4.0 – 53 13.2 252 63.0
3 – 4.5 – 52 11.6 247 54.9
4 – 4.0 – 49 14.0 237 59.3
5 – 4.5 – 63 14.0 222 49.3
6 – 4.0 – 56 14.0 181 45.3
7 – 4.0 – 49 12.3 184 46.0
8 – 4.5 – 67 14.9 202 44.9
9 – 4.5 Loss of big toe 59 13.1 270 60.0
extension
10 – 4.5 – 56 12.4 251 55.8
11 – 4.0 – 56 14.0 248 62.0
12 – 4.0 – 68 17.0 263 65.8
13 – 4.0 – 56 14.0 270 67.5
14 Tendon Achilles 4.5 Pin tract 70 15.5 290 64.4
lengthening infection
15 – 4.0 – 67 16.7 268 67.0
16 – 4.5 – 67 14.9 280 62.2
17 – 4.0 – 68 17.0 258 64.5
Tibial lengthening in developmental hip dysplasia
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The other patient had mild infection of the wound
during distraction, which resolved after antibiotic
treatment. One patient had mild knee soreness,
but it did not affect her daily activity. No patients
in this series required a second operation or had
sequelae.
Discussion
This study showed the outcome of tibial length-
ening to treat limping in a group of young pa-
tients with neglected DDH and high dislocation;
it was rated by them as highly satisfactory. The
complication rate of lengthening along the in-
tramedullary nail was low.
Neglected DDH with high dislocation can also
be treated with THR,9 which can improve the sta-
bility of the hip, LLD, and gait.10 However, that
operation is difficult because of tight muscles and
dysplasia of the acetabulum and proximal femur.11
Recently, with improved surgical techniques and
prosthetic design, THR with a femoral shortening
technique has been able to put the acetabular cup
in its original position with less tension12,13 and
achieve better prognosis, but it still presents a myr-
iad of challenges and is threatened by a higher
failure rate than that for ordinary hip disorders.3
Furthermore, long-term results for this proce-
dure still remain uncertain, especially in younger
patients.
Neglected DDH with high dislocation can also
be treated by PSO, which can improve the stability
of the hip, but this procedure alone does not
solve the problem of limb shortening.14,15 PSO in
combination with femoral lengthening can correct
the Trendelenberg sign and improve limping gait,
but the number of patients thus treated is still
limited and long-term results are lacking.4,5 This
operation is also difficult to perform well, espe-
cially in inexperienced hands, and may result in
poor hip support, change of MA, and rotation of
the lower extremity. Also, slow consolidation, per-
sistent Trendelenberg sign, decrease of ROM of the
hip due to altered structure and rotational center,
and decrease of ROM of the knee due to prolonged
fixation may also occur. A major disadvantage of
PSO is the new deformity of the proximal femur,
which is difficult to be converted to THR later.16
Lengthening of the lower extremity to correct
the LLD in neglected DDH can be achieved on
either the femur or tibia. However, simple length-
ening through the femur will cause proximal 
migration of the femoral head and loss of the
lengthening effect due to lack of hip contact and
muscular tension.17 Proximal migration of the
femoral head may be prevented by pelvic fixation
during lengthening,18 but the position may not
be maintained after removal of the fixator. In the
present study, tibial lengthening could prevent
proximal migration of the femur and effectively
improve the limping gait. A gait study showed that
PSO18 and leg lengthening10,19 can improve the
mean stance times and second peak, normalize
symmetry of quantifiable stance parameters, and
eliminate the limping. Although we did not per-
form a gait study, our observations were similar.
In patients with neglected DDH and high dislo-
cation, telescoping of the femoral head in the
soft tissue may cause cartilage abrasion and early
degeneration of hip joints. Leg lengthening could
decrease the telescoping and theoretically delay the
onset of osteoarthritis. The present study showed
that this method could delay the timing of THR
for at least an average of 7.8 years (range, 3–13.1
years). Other advantages of tibial lengthening in-
clude preservation of the ROM and the structure
of the hip joints. This approach would not add
difficulties to a later THR operation. In addition,
this method could increase the length of the lower
limb. Therefore, when THR was eventually done,
the surgeons could go ahead with femoral short-
ening to facilitate hip reduction without the worry
of too much residual postoperative leg shortening.
We think this method can also be applied to other
hip lesions with significant limb shortening, such
as septic hip with high dislocation, when surgery
on the hip joint is not attempted.
Lengthening over an intramedullary nail can
shorten the time with an external fixator and de-
crease the complications such as fracture or bend-
ing of the distracted callus after removal of the
S.C. Huang, et al
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external fixator, as compared with the traditional
method.20–22 In Huang’s report,20 the lengthening
index (days in the Ilizarov device required for each
centimeter of lengthening) averaged 59 with tibial
lengthening alone, compared with 20 with length-
ening along the nail. In the report of Paley et al,22
the external fixation time was 4 months vs. 7.5
months for femoral lengthening with or without
a nail. ROM of the knee and ankle were better pre-
served due to a short external fixation time. The
method is simple, safe, effective, and well tolerated.
The construct is stable23 and versatile. The devices
are cheap, reusable, and readily available. The pres-
ent method did not change the preoperative MA
but could elevate the knee level of the lesioned
limb. However, the patients accepted these condi-
tions with a high rate of satisfaction and their walk-
ing was not negatively affected. Although some
residual limping and hip soreness remained, no
hip in this series was converted to THR at final
follow-up.
Intramedullary lengtheners such as an in-
tramedullary skeletal kinetic distractor (ISKD) or
the Fitbone (an extending intramedullary nail)
have been used in femoral and tibial lengthen-
ing.24,25 Their advantages include no need for an
external fixator and a lower risk of infection. Their
disadvantages include impaired bone formation,
soft tissue contracture, and mechanical problems.
Singh et al25 reported 11 cases of tibial lengthening
using the Fitbone. Restriction of joint movement
occurred initially, but was completely recovered
after physiotherapy. Leidinger et al24 reported
their experience of using ISKD in six patients for
tibial lengthening. The complications included
pseudarthrosis in three patients, slow callus for-
mation in two patients, and equinus contracture
of the ankle joints in two patients. They advised
against lengthening more than 4 cm. The distrac-
tion speed should be reduced to < 1 mm/day, and
the initial immobilization time should be more
than 1 week. Also, because there was no foot fix-
ation during distraction, the patients treated by
this method tended to have equinus contracture
if there was no good rehabilitative program. We
think an improvement of the design and more
experience are necessary before widespread use
of this method.
The key to successful results when using tibial
lengthening to treat DDH with high dislocation
are careful patient selection, stable ring-nail con-
struction, and avoidance of complications. Com-
plications of lengthening over an intramedullary
nail21 include infection, impaired bone formation,
equinus contracture of the ankle joints, and nerve
palsy. However, with an appropriate surgical tech-
nique and postoperative care, the complication rate
can be substantially reduced. Infection was pre-
vented by aseptic techniques, pin tract care, and
avoidance of pin-nail contact during pin and nail
insertion. Impaired bone formation was prevented
by corticotomy rather than Gigli saw osteotomy,
adequate reaming to preserve periosteal circula-
tion, stable ring-nail construction, and partial
weight-bearing to stimulate bone formation.23,26
Equinus contracture was prevented by using a half
pin and thin wires to minimize soft tissue trans-
fixion, adding calcaneal fixation during distraction,
and extensive rehabilitation after fixator removal.
Nerve palsy can be prevented by careful pin inser-
tion and slow callus distraction.
The present study had limitations. First, a gait
study was not performed pre- and postoperatively,
and so the benefit of this procedure could not be
quantitatively assessed. However, all patients were
satisfied with the treatment results subjectively.
Second, because there was no control group in this
study, further studies to compare tibial lengthening
with other treatment methods are necessary. Third,
longer follow-up of these patients is also necessary.
In conclusion, tibial lengthening could im-
prove the limping of adult patients with neglected
DDH and high dislocation with a low morbidity.
Lengthening along intramedullary nails could ef-
fectively reduce the external fixation time, improve
bone formation and prevent complications.
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